INTRODUCTION

39
Average weights of dairy cattle in the UK are not well defined. Scientific papers, 40 reports and guidelines present a wide range of adult dairy cattle weights. A literature review 41 demonstrated a range from 425 kg (EU estimated "average weight at time of treatment"
42
(European Surveillance of Veterinary Antimicrobial Consumption)) to 680 kg (USA) (Pol 43 and Ruegg, 2007) (Table 1) . Additionally, the weights used in current literature are Many medicine doses should be calibrated to the estimated weight of the cattle being 52 treated. Using incorrect weights may lead to incorrect dosing, which could prove ineffective 53 or potentially dangerous. This is particularly true of antimicrobials where an underdose could 54 fail to completely clear the infection, a problem which has been linked to the risk of 55 resistance developing (Roberts et al., 2008) . Additionally, metrics for reporting antimicrobial 56 use (AMU, for example mg/kg or daily dose metrics, (Mills et al., 2017) ) commonly require 57 the total weight of the animals at risk of treatment to be included in the calculation, giving a 58 measure which accounts for the total kg. If the included weight is too high or too low this 59 could lead to the metric under-or over-representing the actual use of the antimicrobials and 60 confound comparison across farms or countries.
61
For the purpose of treating cattle with the appropriate dose of medicine, visually 62 estimated weight is usually relied upon. However, it has previously been shown that visual 63 estimates of cattle weights vary in accuracy compared with estimates from heart girth tape 64 measurements, with under-and overestimation at the extremes of the weight scale ( times over every 2-year period). Equipment is also widely available for weighing cattle 81 through a handling crush.
82
In order to determine mean UK adult dairy cattle weights for use by farmers, 83 veterinarians and the scientific community, we used data collected from 20 UK farms (19 84 from farms using Lely AMS and 1 farm using a crush with weigh scales). We also used these 85 data to establish mean breed weights and to explore trends in weight by lactation number,
86
DIM and overall milk production. 
MATERIALS AND METHODS
89
Data collection
90
We collected data from 20 UK farms: 19 of these farms used Lely AMS and were 
94
Data from the other 3 farms came from another study to which Lely had contributed. Farmers This farm in Devon with a Jersey herd was included, despite the different weighing method,
101
for maximum representation across breeds. All cattle from the milking herd were weighed.
102
An operator whose weight was known stood on the scales prior to use to check for accuracy,
103
and the scales were set to zero between cattle if necessary.
104
Datasets from Lely were fully anonymised before we received them and contained the Table S1 ). All farms were all-year round calving which meant a full range of lactation 116 stages were included.
117
Data cleaning
118
Farm datasets from Lely contained data for all milking cattle registered to that farm at 119 the time the report was taken. This included the last weight and production measurements for (Table S1 ). Entries with missing weight 127 or missing date were also removed; only 1 entry per animal was kept.
128
At the Jersey farm, data was excluded if the scales were not set to zero in between 129 cattle.
130
Representativity of data
131
To check that the cattle used in this study were representative of the UK herd, we 132 obtained data on the proportion of heifers, mean lactation number and mean herd size. These 133 data came from all UK herds that milk record with National Milk Records (NMR). The 134 proportion of heifers in the NMR data was compared to our sample using a chi-square test for 135 equal proportions. As the herds included in our dataset will be included in the herds provided 136 by NMR, only simple comparisons were possible for mean lactation number and mean dairy 137 herd size (a t-test would have required distinct subsets).
138
Data analysis
139
We calculated the distribution and descriptive statistics for mean weights of cattle for 140 the following breed categories: Holstein, Friesian, Holstein-Friesian, Cross-breed, Jersey,
141
Other breed. Weights were calculated overall (for all cattle) and split into first lactation only 142 (heifers) and second lactation onwards (cows). Overall mean weights and heifer and cow 143 weights were compared across breeds using t-tests. Mean weights of heifers and cows for 144 each breed and for the dataset as a whole were also compared using t-tests.
145
Additionally, the mean weight for cattle in each day of lactation (overall, and split 146 into heifers and cows) was calculated and plotted to identify any trends over lactation. The 147 correlation between mean weight and daily milk production was calculated. As milk 148 production is known to vary across lactation, this analysis was repeated with only cattle 149 considered to be in peak production (20-60 days into lactation).
150
Data analysis and graphics were generated using the statistical computing package R
151
(https://www.r-project.org/).
152
Estimated average weight for the UK
153
By comparing the proportion of each breed within our dataset to the proportion in the 154 UK population (using data provided by the British Cattle Movement Service (BCMS), Table   155 S3), we calculated an estimated average adult dairy cattle weight for the UK. Breeds reported 156 by BCMS were grouped into categories (Table S3 & S4) aligned with the breeds for our data.
157
To estimate a UK national average weight, mean weights by breed category calculated from 158 our data were scaled according to the representation of that category within BCMS data. 
RESULTS
169
Data description
170
The original datasets included 3,106 cattle; after cleaning, 2,747 cattle remained (i.e.
171
11.5% of cattle were excluded due to dates outside of range, missing date or weight 172 information or our inability to obtain an accurate weight). Table 2 ). The mean 182 lactation number within herds nationally was 2.8, compared to 2.7 within our dataset (Table   183 2). The mean number of cows in milk nationally was 155, compared to 155 within our dataset 184 (Table 2) .
185
Data analysis
186
The cattle within this dataset had an overall mean weight of 617.3 kg (standard 187 deviation 85.6 kg, median 620 kg) across all breeds and including both heifers and cows 188 (Table 3) . Heifers were on average 9.0% lighter than cows ( Figure 1A (Table 3 , Figure 1B , Figure S1 ). Of the named breeds, Holstein were the heaviest (636.1 kg) 197 and Jersey the lightest (465.7 kg). Cattle categorised as "Other" were heavier than all breeds 198 (662.8 kg, p<0.01, Table S2 ).
199
The proportion of heifers varied between breeds in this dataset. For example, just over 200 10% of Friesians were heifers, whereas almost 40% of Holsteins were heifers ( Figure S2 ).
201
This is likely to skew the means; indeed, the variation between mean weight of Holstein and
202
Friesian cows was far greater, whereas there was almost no difference between the heifer 203 means for these breeds ( Figure 1B , Table S2 ). There was no correlation between weight and milk production for the 19 Lely farms 208 (production data was unavailable for the Jersey farm) using all cattle ( Figure 1C) . However, 209 when including only cattle at peak production (days 20-60), cattle with greater production 210 were heavier ( Figure 1D ).
211
Mean weight declined for the first thirty days post-calving and was then seen to rise 212 steadily for the remainder of the lactation ( Figure 1E 
215
Taking the mean weights for different breeds in our dataset (Table 3 ) and the 216 distribution of these breeds within the UK dairy population (Table S5) , we calculated a UK 217 average weight of 619.6 kg.
218
Calibration checks
219
No substantial differences in the mean weight between robots on farms (and hence by 220 breed) were found once proportions of heifers and cows milked by that robot on the day of 221 data collection were accounted for (data not shown to preserve anonymity).
222
There was little variation in the mean weight for the 6 days of data collected from the 223 single large farm ( Figure S3 ). None of the daily distributions were significantly different 224 from each other (p>0.7) indicating that the calibration of robots was likely to be accurate; 225 significant deviations in weighings from a single robot would affect the distribution and mean 226 weight for that day and would be detected by t-tests (as well as being flagged by the system 227 on farm).
228
DISCUSSION
229
The overall mean weight for all 2,747 dairy cattle was 617.3 kg. Scaling by UK breed 230 proportions gave an estimated average weight for adult UK dairy cattle of 619.6 kg. We 231 therefore suggest a national-level weight of 620 kg to be used for AMU calculations, with 232 farm-level weights to be estimated based on the breed mix on the farm. The most commonly 233 assumed dairy cattle weight in the literature was 600 kg. With our data, we suggest that 600 234 kg is likely to be an underestimation of mean adult dairy cattle weight in the UK.
235
There was some variation in weight distribution across all breeds included in this 236 study, ranging from 465.7 kg (Jersey) to 636 kg (Holstein) . Jersey cattle were 25.8% lighter 237 than the mean across other breeds. Heifers were on average 9.0% lighter than cows. Cattle 238 categorised as "Other" were heavier than all breeds (662.8 kg, p<0.01, Table S2 ), however 239 the dataset contained a very low number in this category (n=52, all from 1 farm) and they
240
were predominantly dual-purpose breeds which would be expected to be heavier. The 241 variation between breeds is confounded by differences in the proportions of heifers and cows 242 in each breed. For example, when heifers were removed, the difference in weight between 243 Holstein and Friesian cows widened, though heifers in both breeds had very similar weights.
244
It is possible that Holstein farms may have a tendency to calve heifers at a younger age than
245
Friesian farms. We note that breeds were assigned at the farm level, so it is possible that there 246 was within-farm variation for which we could not account.
247
Though our sample has a slightly higher proportion of heifers than the NMR data 248 (31.2% compared to 29.1%), as the NMR data could not be split by breed we were unable to 249 use both breed and heifer or cow status accurately in the UK average weight calculation. As 250 heifers weigh less than cows according to our data, this could mean we underestimate the UK 251 average weight.
252
These data show a decline in mean weight from calving to 30 DIM, and then a steady 
255
This trend is consistent with the expected period of negative energy balance and the 256 mobilisation of body fat a dairy cow is likely to experience following calving (Eddy, 1992) .
257
Cattle in peak production showed a strong correlation between weight and daily milk 258 production. This may be explained by breed and parity differences: for example, heifers are 259 likely to weigh less and produce less milk than cows, and Holsteins are likely to be higher This study is the first to estimate a mean weight of UK dairy cattle based on data.
286
Weights from 2,747 cattle from the 4 main named breeds, as well as cross -breeds and less 287 common breeds were considered. These data provide valuable evidence to support 620 kg as 
